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PHOTOSYNTHESIS AND THE PROBLEM OF FOOD RESOURCES

----A.A. -Nichiporovich, Doctor of Biological Sciences

.The material- basa_-or_ -technological progress, welfare, and the very exist-

ence of people is associated with problems of obtaining food, energy, and indus-

trial materials. Men's energy and material requirements can be sati fiej$ in

various ways and from various sources. But nothing can replace photosynthesis

of plants as a source of man's food, which he obtains either directly from the

plants themselves or thorugh animals, or even with the participation of micro-

organisms. In the and, both the food supply for the population of our planet

ano the level of the world population depend and will depend on the volume of

photosynthetic activity of plants and on the degree man uses thi5 activity for

food purposes.

The dependence of man and of all life on the earth in general, on the pho-

tosynthhetic activitv of plants is so cardinal that vast interest has long since

been evoked by problems as to how great is its volume, what are the means and

possiuilities for beast utilizing It, what are the prospects for increasing its

scale and resulits, and, in connection with this, what is the poso•iility of pro-

viding people with a suitablu supply.

Interest in these proulems stiould increase aupecially now in our country,

when the Communist Party of the Soviet Union has embarked on a new Program which

calls for grandiose measures to master nature with all our efforts and resources

since this is unu of the most important cunditi,,ns for the construction and ex-

istance of a communist society.

All of the world's plants annuae1 produce up to 380 bililuin tons of dry bio-

meam. This is almost 4•]0 times greater than is needed to supply fully the pre-

sent population of our Iplanet. However, mankind annualV obtains auout 7UU mil-

lion tons of food products as baaed on dry biomass, i.e.. less then Its needed

for complete satisfaction of food requirements (ojbout I billiun tons).

Taule 1 shows the jate an thea total phto-.ynthetic prduction of prlntft. In

various habitats (converted to dry plant U1omas:.) and the deqrse of utilization

FTD-rr-b2- 533,/1+2 I -



as food for people.* As we see from the Table, most photosynthetic products
(367 billion-tons out of.378 billion) are produced by the vegetation of sea

oceans, forests, meadows, and steppes. But the utilization factors of this pro-

duction by man for food purposes are-not very great, and in the end the over-

whelming portion of the food resources (660 million tons out of 700 million)

are produced Oyepecially cultivated food and fodder plants. Therefore, the main

task in solving the problem of food resources must include an all-possible in-

crease in the photosynthetic production of cultivated food and fodder plants,

which can be achieved by expanding the areaz under cultivation and by 4icreaslng

their yield.

By means of a possible shortening of crop rotations, reduction in the sow-

ing of plants used in industry, and by developing new territories, the area un-

der cultivation can be brought up to about 5 billion hectares, which will com-

prise aeout 30% of the land area (without the Antarctic and Greenland) and this
a

must bs considered astvery large figure, since for this purpose extensive and

complex reclamation is required in a number of cases. (Some authors consider it

possible to incraseu the area under cultivation of agricultural plants to 7 bil-

lion hectares.)

As for increasing the yield of food and fodder plants, which presuntly is

not high on the averaqw, we can actually count on doubling it by an efficient

and unswervinq utilization of presently known modern methods and farming prac-

tices (the use of fertilizers, irrigation, a careful combat against weeds and

destructive insects and diseases, the selection of high-yielding plant varieties,

etc.). In other words, biological yields uhich now have an average valup of 4 t

of drV biomass lier hectare (see Fig. 1) can be increased to 8 t/ha on the average,

which corresponds to economic yields of 30-45 centnera/ha of grain, 350-400

* The Taule is compiled on the basis of the det" of a number of authors which

do not always agree, therefore the estimate shown for the pnotosynthmtic produc-

Lluii uf thv ,,•rld'b vmqatutlun an.,lud be c,nsidersd oas suject to come refinement.
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Table 1

Area Annual prod. 'Uised asfood"
P bof photosynt. direct.or through animalsPlant habitat lecae ,oa ' 11. . .

ecOt~T miii 7.ca- of totalit/ha bill. tonlb ons I t

Seas & oceans 36,1 0 325 32 0,01
Forests ,14 8 ý 7 0,02
Arable lands '37 1 1 0G0 B
Meadows,steppes 2 0,03
Deserts 14,7 001 0,05 -

Total 510, f 378,5 i 701

centner/ha centner/ha
;•0~4 (Ut21/

j+2(/i 0

,,-I 50 i/,7 ,4J
601

•~4 ,4 7":J•"J"i ,44

I 0

I4 0

W 147

o Bio I£a yl /,,

Fig. 1. Relation between biological
(total dry blomes.) and economic
7eaadU of Vfll.0u8 agricuitural pitairs,
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centners/h•i of potatoes, 400-500 centners/ha of sugar beets, etc.* and to har-

veast annualW, therefore, about 30-40 billion tons of total photosynthetic pro--

ducts from 5 billion hectares. A considerable gain can be made by improving

the system for utilizing the biomess of the plants in order to obtain maximum

food products, so that their yield factor is raised from the pr8esent 6% to

12-15%.

Ultimutely we can expect an annual production of 4-5-6 billion tons of net

food products by developing the usual methods now being used to some extent and

which should be accelerated in the future. In addition, we can probauly expect

a two-to threefold increase in food production by using the results of the pho-

tosynthetic activity of aquatic flora.

In all, such an amount of food can provide a maximum supply to a population

of auuut 10-12 bill1on people, i.e., three to four times more than the present

population. But a successful achievement of this goal is riot an easy task and,

moreover, more efficient means than our usual methods of modern agriculture are

needed for the future solution of the proolem of food resources.

In connection with whut has been stated, the first question to arise is

whether or nut we con assume that in the future, not only ntural photosynthesis,

but also artificial chemical synthesis or artificial photosynthesis will be the

supplier of food products for man.

In our opinion, there are no grounds to think that for the mama production

of the most common products, artificial photosynthesia as a food source will have

any advantaqse over naturdl photosynthesis: the same solar energy is needed for

it but prouauVl complex systems of trappinq it and convertinq it would be re-

quired, and tlis would have to be done on immense areas. The use of" artificial

synthesis and Iionynthesis will apparently be advantageous only for the produc-

S5mu: A.A. Nichiporovich, Photosynthesis and a Theory for the Production of Hiqh

Yields, "l5th Timiryezev Lecture", Moscow, Izdatel'stvo AN SS5R, 1956; A.A.

Nichiporovich, L.Yo. Stroganov, b.N. Lhmora, M.P. Vjasov, Pi-otosyntnutic Activity
of Crop Plants, Moscow, Izdatel'stvo AN SSSR, 1961.
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Fig. 2. Absorption of photosynthetically
active radiation by agricultural. crops
vs. leaf area
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tion of some individual food components (e.g., individual amino acids, vitamins,

-fats, setc.)elwhose required amounts are •relatively small.

Therefore, the problem of food resources in the future must be solved main-

ly or almnost wholly by natural photosynthesis of planLs, and we must bear in

mind that the productivity-of the must promising food and fodder crop plants

must be increased as much as possible.

In order to estimate the prospects for increasing food production in the

future, we will first explain theoretically the potential photosynthetic produc-

tiun of plants, starting from the quantity of the photosynthetically active por-

tion of solar radiation that impinges on territories that can be unoer cultiva-

tion, and then we will examine the factsrs limiting the photosynthetic activity

of plants and the possible ways to overcome and eliminate their influence. We

will start from the fact that farming, as indicted agave, will be carried out

on an area of 5 billion hectares, of w:lich (proportional to the total land area)

2.1 billion hectares can be in the tropical zone, about 0.5 billion hectares

in the subtropical part of the Nnrthern Hemisphere and 0.4 billion hectares

in that of the Southern Hemisphere and, finally, 2 billion hectares in the tem-

perate and naar-polar zone of the Northern Hemisphere.

It is completely understandable that to calculate the theoretically possible

photosynthetic productivity of rplant., ue should take the indexes of structurally

full crops and plantations which can absorb much energy or solar radiation and

utilize it with a high efficiency. buch can be crops ano Uiocoenosla whose leaf

area reaches 40-50,000 m 2/hAs at the period of maximum development. At this peri-

od such crops absorb up to 70-80% of the energy of the photosynthetically active

portion of solar radiation falling on them, and an average of 50 or even 60%

during the entire growing season.*

*See: A.A. Nichiporovich and S.N. Lhmora, Radiation Relimes of Agricultural Crops

and the Problems of Their Water Supply and Drought-Resistance. Collection:

"PPhyslology of F •iL RusisLance", Moscow, Izaatel'stvo AN S55R, 19bU; A.A. Nichi-

porovich, L.Ye. btroganova, S.N. Lhmaxoa, and M.P. Vlaeova, Photosynthetic Activity
of Crop -lants, Moscow, lz~dtel'stvoA.• 555, 1961.



Table 3
.o.sible Energy T ranspi Total amount of water
urenB 6f(40% of evap.dur-,for all possible crop

Zones pture toile) ring gro -areas, billion m3

-till . till.kca /]rin sea~onýe~c aere ,na -'
Tropical 7,5reJ 44 7,0 23700

Subtropical 1,0 2,S 47o 7000

Temperate 2,0 1,0 _'0 7 00

Total 8I 30

6.

(a V
tCU

/ , , I0

,I ~,// / \\,,\ =
/ \'

Months

Fig. 3. Amount of photosynthetically active
solar radiant energy falling per day per hectare
of the earth's surface in various zonas. A) line,
below which radiation is inactive due to low
Lntensity; B) line, below which radiatioi is
inactive due to low temperaturo4.
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At best the plants can utilize absorbed radiant energy for photosynthesis

-with a consumption of 8 quanta, i-e., for solar light in an amouhit of 28% or,

subtracting losses from respiration, ebout 20% of that absorbed. -.. ..

In the final analysis, keeping in mind the possiule 50% absorption of energy

by full-value crops and the 20% utilization of its adsorbed portion for photo-

synthesis, we can c nsider that crop plants utilize for photosynthesis and for-

mation of yields, 10% of the photosynthetically active portion of the solar ra-

diant energy that falls on them during the potential period of active grpwth.

These indexes enable us to calculate the theoretically possible phatosyn-

thetic efficiency and yield of plants in various qeographical zones having dif-

ferent amounts of the radiant energy during the growing period.

These date are shown in Table 2, where the avereqe amount of the impinging,

physioloqicallV activu solar radiant energy * i) givon for the period when plants

can grow in the various zones owing to temperature conditions (see also Fig. 3);

the potential photosynthetic productivity of cultivatod plants was calculated

by starting from a IU% utilization of this energy during the entire period of

posjible growth, wherein it was assumed that the average heats of combustion of

the Uiomeaes produced by the plants are equal to 4000 kcel/kgj or 4 a 10 kcal/ton.

This calculation gives us an idea of the possible, in principle, enormous

seasonal yields of agricultural food and fodder plants both on a single hectare

(biological yields of from 67 to 250 t/ha) and on all possible crop and plan-

tation areas which exceed by several tens of times the present production

of II billion tons from cultivated plants.

this iH an ideal fur which we can and must strive. However, the question

Justifiably arises as to what extent is the achievement of such indexes feasible.

The fact is that they depend not only on the presLnce of various amounts or light

energy, but also on many other conconiitant factors: the thermal conditions,

the water supply for the plants, mineral supplies, the concontration of carbon

"See: h.Ya. Mondrat'yev, Raoiant Energy of the Sun, Leningrad, iiorometeoizdat,
1954.



dioxide, oxygen, etc.

Actually, the Intensity and over-all resultant effects of the earth's

carbon cycle, whose driving force is photosynthesis, are determined first of all

by the quantities of solar radiant energy. This is the main factor causing and

- finally limiting the highest possible photosynthetic production of plants. How-

ever, the caroon cycle is must intimately associated with the cycles of' nitro-

gen, mineral nutrition, and water and it is precisely these and the earth's ther-

mal conditions th.-t can be and indeed are the factors determining and limiting

its intensity. For instance, we see from the data of Fig. 3 the limiting effect

on the potential photosynthetic productivity of plants, of the thermal factor

and the Factor of the seasonal and latitudinal inequality of the distribution

of solar radiant energy over the earth's surface.

A certain, although not especially ppreciable portion of the sun's radiant

energy cannot be considered as photosynthetically active, since its total day-

time quantities prove to be less than that required for normal plant growth.

In Fig. 3 this corresponda to the portions of the curves located below line A.

In addition, a portion of the light energy actually proves to be inactive or

slightly active because it reaches the earth at periods when the temperatures

are too low for life activity and growth of the plants. This portion of the light

energy is located below line B, and therefore only the energy corresponding to

parts of the curves located onuove the line is actually active (these are the in-

dexes that were taken for the calculutlitns shown above, in Tuole 2). If this

active energy, as we already said, were to be used for photosynthesis in accor-

dance with the theoretical possibilities, then mankind would be able to produce

a colossal production from the photosynthatic activity of plants. Uur problem

is to find the causes for the disaqreement between the theoretical possibilities

and the actual situation, and to fiid ways to eliminate these causes.

First of all it is necessary to note that, quite frequently our crops and

plantationa, baecauie of poor farming tPrhniqi!R=, Rhnrta9Ps of nutrition end mois-

ture, do not have the optimal structure which can ensure high coefficients of

their ausurption of solar radiant energy.



--The -date in Fig. 2 permit us to consider (and this is confirmed by a direct

calculation) that on the average, crops whose leaf area at the maximum period

2reaches 40-50,000 m /ha absorb 50% of---the energy. Uut someitinesthe lefarea

in the crops is only 8-io-15,000 m2 /h. 1hese crops aboorb only 20-30O, of the

energy of solar radiation during the growing season, in othpr words, only 1/5

to 1/3 of the energy which crops with maximum structure can absorb. 1t is easy

to imagine what enormous amounts of radiant energy we lose irretrimevab.y: the

energy not absorbed by tho plants due to scantiness of the crops is converted

to heat and dispersed into space. It is also easy to understand uhat vast re-

serves can be mobilized for increasing the photosynthetic productivity of plants

if all crops will have an optimal structure, which is not at all unusual, but

characteristic for many present crops.

No smaller are the avoidable losses arising berause the biological charac-

teristics of the growth and development of many of our plants, especially those

develupod under some conditions and then transplanted to others, do not cor-

respond to the variations of meteorological factors and conditions of a given

region. This can be illustrated by the example of the devulopment of wheat and

corn in the Muscow area in 1960 (see Fig. 4). L-orn is sown here in June because

of the thermal cunditiuns. Uuring the period of the longest days with the bust

light conditions (June to the first half of July), the plants (curve I) only have

two or three leaves each, and a negligible amount (5-lU%) of the solar radiant

energy falling on the crop area is absorbed while most of it passes into the

soil. when the leaf area reaches the maximum, the light conditiuns deteriorate

considerably (curve c) and the photosynthetic efficiency of the corn drops atirupt-

ly (curve 4). At the same time, wheat (curve 3) utilizes the first part of

the growing season, but ends growth before the light and thermal conditions

become insufficient for active growth. Lonsequently, the pntentidlly active

light energy is vury often used for photosynthesis extremely inefficiently, in-

comoletely, and is msue useless oy the Incompatioiiity of Lhu ,hythei, of it;

variations and the life dctivit. of the plants.

-I0 -
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S• • Million kcal/haj.0)

4.14

J~j j

1'2i. i ; i' ' • ., " f. . ~ '-
Id a.
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Figs 4. Growth of leaf area (1000 m2/ha) in

corn and wheat crops and the photosynthetic
productivity under various conditions Cg/M2 per day).

1) Corn with izrrigation; 2) corn without irrigation;

3) wheat; 4) photosynthetic productivi.ty of corn

with irrigation. - I



SI,
This can be eliminated to a considerable extent by a high specialization

of agriculture and by the careful selection for various zones of species and

varieties of plants whose biological rhythms best correepond to the changes of

the light and thermal conditions.

Frequently, and to a severe extent, the potentially active light energy

is made worthless by the inadequate and, in a number of cases, very harsh mois-

ture condition; this is easily snown by the example of the desert belt (Sahara,

Arabian and Central Asia deserts, GoUi) located between D00 and 40° N, where

there are enormous streams of light energy, but practically no moisture.

Moisture is needed for the normal life activity of plants and to defray

the transpiration losses which are organically related with photosynthesis in

that they have the same energetic base: the parameters of both processes are de-

termined Uy the amount of energy absorbed by the plants and crops and by its

allotment for photosynthesis (usually 5-10%, in the best cases 20% of the absorbed

energy) and fox, conversion to heat energy (the remaining 95-90% or in the best

cases 80% of the absorbed energy).

In luxuriant crops which have no lack of water, the moistuie supply should

be such that all thut is not used for photosynthesis or converted to heat energy

is eliminated from leaves Uy transpiratiun. Ihe potential transpiration in these

cases is determined by dividing the indexes characterizing the amount of energy

by the energy indexes of the latent heat of water evaporation. If these figures

are increased by 3U-50% in the appropriate zones (keeping in mind thu unavoida-

Wle evaporation from the soil surface and run-off), then we can form an idea about

the amounts of moisture wuhich Lre needed in different geographic zones for the

maximLm use of the energy falling here for photosynthnsis and for prooucing high

yields. 6uch figures are shown in Table 3.

Lvalueting the data of the Table, we must say that there are a number of

territoriug and zon, t. on the earth where the total precipitation is sufficient

for producinl Uith touutecitilIy postible yialds (the humiO tropics, a numbar of

zones In the temperate Delt), but at the same time there are enormous tui-rltories



I

Total active Table 2
aotenta ngly.f s- rotential annual plant

rop area ra ton per productivity (total dry biomess)
billion - - ___.. _ZONES •ectares 11111on M-r Uenlrf

eTa"escal/ha rea,kcall t/ha For. entire area,
! [- " billion tons

Tropical
2:16 - 23a N. 2,1 10,0 2,1.1016 250 525Subtropi" Ir•
23-43' N 0, 6 0 0'., -10"6 105
S-bt-, 0 iS, 0,4 74 0,3,101 f 175 70

Teoperate & near tra -
poar . ,a-70* N 0,2 2,5 0,5.1012 07 135

Total . 1 .1i S33
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which to a lesser or greater (and sometimes very severe) degree are not sup-

plied with the needed amount of moisture. If here we do not use artificial-

irrigation, we can expect to obtain only low yields in comparison with the theo-

retically possible, and the solar radiation of these territories is to some ex-

tent, and sometimes completely (in deserts) wasted.

Every year about 500,000 billion m of water is circulated (evaporated and

falling as precipitation); this is about 12-13 times more than required (C3,500

billion mi3 ) for optimal growth and photosynthesis of possible (in the future)

crops of food and fodder plants (on an area of 5.1 billion hectares). The sur-

face of the continents receive annually as precipitation 100 • 1012rm3 of water,

i.e., 2.5 times more than would be required to supoily fully 5 billion hectares

of crops. but approximately a third of this water (36 * 10 2m ) is not used by

plants and runs off into the seas and oceans, and the remainder is distributed

(very unevenly) on an area three times larqer than the ares of proposed future

cultivation. Uonsequently, the areas now under and proposed to be under culti-

vation ere provided with natural precipitation to a degree for lees than is needed

for maximum utilization of the energy of solar radiation for photosynthesis and

production of high yields.

Therefore, one of the most important problems is to use the 38,O0O billion m

of wrater out of the 100 1 1012i3 of water that annually falls on the continents

to supply 5 billion hectares of future agricultural land; this can Ue done by

voriuus methods, e.g., better use of thL precipitation, moisture storage in the

fields, irrigatiiin, etc. The solution if tiis proLUlem begins, in essence, in

our country now, in the epoch of developing the material and technologicol base

uf Cummuniem. It sufticiem to recall that the new Program of the CPSS providen

ror uxLensive works un irrigation construction, t d• "daring plans for changing

the course of certain northern rivrrs , wtich presently throw away fruitlessly

enormous amounts of water into the Arctic Ocean; these plans, as indicated In

the Program, can be accomplished by soviet man du3iny thif couuse or communist

construction.



It is necessary to search for ways other then those named which would fos-

ter a solution to the problem of providing water to enormuus areas of future

crops.

ior example, the following method is possible in principle.

The water now in annual circulation is Scattered (although extremely uneven-

ly) in the vastness of the atmosphere, hydrosphere, and on the earth's surface

and its effectiveness as a factor necessary for plant life is very reduced. It

could be considermbly higher if only a small pnrtion of this water were separated

from the large general circulation into an isolated volume of the atmosphere and

soil and ware to be circulated in its own particular cycle, first evaporating,

then cuindensing, thus wetting the soil. In this case, with circulation of rela-

tively small amounts of water, the same effect of the life activity and photo-

synthesis of plants cuuld be ensured as that which we determined as the optimal

possible effect. H~gh plant yields could be grown un a water supply 10 times

smaller than that which present open crops expend for evaporation, thut Is) on

a constant supply of 5UO-bDO m 3/ha, of which 30-50 m3 would be evaporated annually,

but then cundensed, returned to the soil, and thus the requir, d mositure regime

would be maintained in the soil and root substrate.

It is necessary to say that with the usual farming methods we always strive

to separate a number of factors from the over-all larye circulatiuri of suUstances

and to create particular, local circulatlmins. Thiis refers, for example, to ni-

trogen, to the elements of mineral nutrition. On. of the difficulties of supplV-

lng nitrogen and ash elements to plants in crops and plantetLi'mns Is thut these

elemwnts are rapidly scattered in the vastness of the external environment by,

first, crop ausoprtion and, second, by erosion and washing and, in the end, carry-

off to the seas and oceans. In order to overcome this wu must first of all use

mineral fertilizers. However, the greanLSt effect is achieved If we slmultaneous-

IV take measures which reduce to a minimum erosion and caott, ring of the elements.

In other words, we must separate tue particular, lucui circulations from the over-

all large circulation of substances as much as pas iule. Such measures are accom-

- 15-



plished and used rather widely: this is a return to the fields of plant nutrients

in the form of manure, feces, ashes, in the form of the dry residue of sewage;

this is the totality of measures taken to combat soil erosion; this is the return

of nitrogen to the soil end plants by fixation of atmospheric nitrogen by nitro-

gen-fixing organisms and lequminous plants, by green algae.

A maximum return to the soil of river waters flowing into the oceans could

help solve the problem. These waters, carrying with them vast amounts of nutri-

tive substances, aggravate conditions of plant photosynthesis on land where its

production can be used for food with the greatest efficiency, and improve condi-

tions for photosynthesis in seas and oceans, where photosynthetic production is

nonetheless great, out the coefficients of its possible utilization for food pur-

poses extremely low.

A low partial pressure of carbon dioxide in the atmosphere and a high par-

tial pressure of obycjen are an important factor limiting the rate and extent of

the photosynthetic activity of plants. This factor in its present state calms

into existence on the earth during the course of historical development. As

green plants appe red and became widely distributed, the earth's atmosphere as

a result of their photosynthesis became rich in oxygen and poor In carbon dioxide.

0.
At the present time on earth, as much carbon dioxide is formed daily essresult

of biologic and ablologic oxidation of organic materials as is assimileted by

plants during photosynthesis. However, the cdrbon dioxide formed during oxida-

tion of the organic materials is dispersed into the atmosphere and hydrosphere,

and it, corncentration proves to be very low. This is an unfavorable factor for

photosynthesis, which is easily proved by the qoud responsiveness of photosynthe-

sis to an Increase in the cairbon oioxidO Loncentratiun in the air around the

plants.

In agricultural practice and in this caua, thorn are metricds to separato a

portion of the cirban from the ovor-all, large circulation, to prevent Its ex-

cenalve dini.pninn, and to keep it in local cyclco. This is achieved by return-

ing organic substances to the fields as manure, feces, and composte, or by using

- 16 -



carbon dioxide fertilizers in closed or even open ground.

It is true that a suitable water and mineral supply to plants produces very

good and high yields at the present level of atmospheric carbon dioxide. However,
if it were possible to prevent its disperlion into the vastness of the atmosphere

and hydrosphere and to concentrate it in the ground air layers and on the surface

layers of water, having increased its concentration by several times (although

only to 0.1%), then it would be pos'•ible to increase greatly the photosynthetic

productivity of plants, to intensiiV carbon circulationand as a result, to draw

into the biological circulation additional supplies of carbon from carbonates,

and thus increase the volume of life on our planet. This is difficult and vir-

tually impossible on an earth-wide scale, but it can be accomplished on limited

areas.

In the simplest form (return of carbon to the soil a+rqanic fertilizers

containing mineral nutrients, the use of sewage water foi irrigation, prevention

of run-off, water storage, etc.) such circulations are widely used and should

be used in wiodern ugriculture as thu most important mettILd to increase yields.

But in the present form they are only a partial solution of thu problem, only

half-measures, In spite of exceptional moisture, wide accessibility, and distri-

bution.

From the fundamental point of view, the most radical solution of the pro-

blem would Le to create absolutely or maximally closed systems with complete or

almost complete internal circulation of substances.

The main characteristice of such systems would Loa a transparent cover having

maximum hueat conductivity and the cultivation of plants in a soilless culture

(hydroponics), which would eliminate the need to return the organic material to

the soil and which wuuld make possible a more complete utilization of the pri-

mary 1diumas, of the plants for fodder and food purposes.

It is advantageous to have s:i the components of closed systems, thre moast

valuable arid pruductive asiriculturol planns and also a ma-•-ivu r•nItjvjttnrn nf

unicellular algae (e.g., Lhlorella), whiCM hEl3 a nAnsucr of Important features:
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during the entire period when there is sufficient light, the temperature of the

suspension can be maintained at the optimal level; the daily liberation of the

growing oiomass makes it possible to maintain at all times the density of the

* suspension at a level favorable, an one hand, for the complete absorption of

light and good photosynthesis and, on the other hand, for a sufficiently vigorous

division and multiplication of the cells. Owing to this, the algal culture can

be more productive then the cultivation of higher soil plants with their rather

long period for the appearance and growth of shoots, for development, while

they have a smell total leaf' area and absorb only a small part of the solar

radiant energy impinging on the crop, while the rest passes into the soil. In

addition, Chlorella by liberating much oxygen into the liquid medium as a result

of photosynthesls, strongly stimulates oxidation of organic sewaqe materials and

can promuts oxidation of human and animal wastes, forming in place of theos wastes

their own iiomass and boosting the formation of the bacterial biomass which is

suitable for animal feed, and thus drawing human and animal wastes into the closed

carbon cycle. The curbon dioxide being formed as a result of bacterial activity

could be used for photosynthesis of higher plants and Chlorhlla. The protein-

rich (up to 50% per dry weight) algal biomass can serve as food for invertebrate

animals, for example, crabs, infusoria, whose biomass in turn can ue a good feed

for domestic birds (ducks, chickens), and also for fish. 1herafore, the combina-

tion of hiqher plantri and an alga in closed systems is expeditious from many

points of view.

Under conditions of closed systems, with a suitable selection of plants

capaUblu of procucing the highest yields of useful food or Foddtr Liomass after

it is efficientiy procasses, the coefficients of' food utilizetiun of the photo-

synthetic production can be increased to very high values, probably to 40%. In

tnis case it is necessary to produce about l000 kg of primory biomass in order

to supply a person with I k9 of food per day, or 3b5 k9 per year.

In the above-described closed system, we can expect to obtain yields of total

dry diomrses of plants of 50-60-100 t/he and even 100-150 t/ha i(I southern roqione

FTD-TT-o2{,33/1+ 2 - 18-



with an active growing season of 250,-300 days. In this case, food for man can

be provided by the photosynthetic production of plants cultivwted an 200-150 and

- even 100-50 m 2 .-------------..

iWe can paint out that with the present type and level of agriculture, food

for one person is supplied, on the averaqe, by the cultivation of food and fod-

der plants on an area of one hectare, and in good cases, on 0.5 ha. Closed eye-

tems can supply a person with food by cultivating the plants on an area about

"40-50, and even lOU times smallor.

These systems can be of various types, can include different combinations

of organisms, and$ have a differpnt degree of being closed. It is natural that

the problems of the expeditiousness of their use under differunt conditiUns must

te solved differently. rrobably, they will he least effective in zones with a

hot, humid climute, where high yields can be obtained without them with a suits-

ble farming practice. The use of closed systems in desert zones havi4ig abundant

light but a dearth of water is the most suitable. Their value in northern lati-

tudes goes without saying, esp~cially close to industrial enterprises having an

abundance of waste gases. In these cases, not only would carbon dioxide, water-

supply, and mineral nutrient conditions be created that are suitable for plants,

but also the limiting effect of low temperatures, which is severe under high-

lutitude condlitiuns, woUld be eliminated.

Of course the wide epplication of closed systems is a matter not of the near

fuLure. At First they seem to be too complex and expensive. However, it is

necessary to remember the colossal wastefullness of present-day agriculture which

abets dispersiun of vw~ry valuable nutrient elements, water, carbon and the

enormous waste of solar radiant energy. Closed systems can almost completely

eliminate these lonses. 't is also neccessary to take into account that under cur-

tain cunditiuns (for example, the development of efficient sources of artificial

light, of perfected transparent plastics), they will be used widely not only in

tarritories of light-rich deserts anU semideserts, but also in extensive areas

of the seas and oceans, in subterranean structures, which will facilitate air-

- 19-
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tightness and maintenance of the required thermal conditions.

Closed systems--this is the obvious and Inevitable, practically limitless

w ey which in the future should occupy a solid position in the complex of measures

to oe taken for the best and most efficient utilization of the photosynthetic
* I

function of plants for the production of food.

If in the regions with a sufficient amount of heat and moisture, the areas

and light are used to the maximum for the cultivation of the most valuable food

and fodder plants during the entire or most of the year,

if in the selection of the varieties and types of plants for differEqnt re-

gions, the highest degree of specialization is reached and they can maximally ab-

sorb light energy during the entire growing season or even during the year, with

its highest efficiency for photosynthesis,

if the principle of the creation and maintenance of local cycles of nutrient

elements, nitrogen, carbon, and, especially, water will be used widely and com-

pletely in conformity with the amounts of impinging solar radiant energy and with

the photosynthetic potentialities of the plants3

if, finally, completely closed cultivation systems for plants, algae, and

the heturotrophic organisms accompanying them are widsly used in the future,

then we can expect an increase in the photosynthetic production of food and

fodder plants, a solution to the problem of food resources such that unlimited

possibilities For ensuring the future progress of mankind will be created.

Of course the realization of these. potentialities requires great efforts,

But man presently has at his disposal such knowledge which, IF it is not criminally

used for military purposes, will open vast prospects for influencing the most im-

portant processuu ot nature.
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